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We  report  the  effect  of  Y  substitution  for  Nb  on  Li  ion  conductivity  in  the  well-known  garnet-type 
Li5La3Nb20i2.  Garnet-type  Li5La3Nb2-xYx012_($  (0<x<l)  was  prepared  by  ceramic  method  using  the 
high  purity  metal  oxides  and  salts.  Powder  X-ray  diffraction  (PXRD),  scanning  electron  microscopy  (SEM), 
7Li  nuclear  magnetic  resonance  (Li  NMR)  and  AC  impedance  spectroscopy  were  employed  for  character¬ 
ization.  PXRD  showed  formation  of  single-phase  cubic  garnet-like  structure  for  x  up  to  0.25  and  above 
x  =  0.25  showed  impurity  in  addition  to  the  garnet-type  phases.  The  cubic  lattice  constant  increases  with 
increasing  Y  content  up  to  x  =  0.25  in  Li5La3Nb2-xYx012-8  and  is  consistent  with  expected  ionic  radius 
trend.  7Li  MAS  NMR  showed  single  peak,  which  could  be  attributed  to  fast  migration  of  ions  between 
various  sites  in  the  garnet  structure,  close  to  chemical  shift  0  ppm  with  respect  to  solid  LiCl  and  which  con¬ 
firmed  that  Li  ions  are  distributed  at  an  average  octahedral  coordination  in  Li5La3Nb2 -xYxOi2-s.  Y-doped 
compounds  showed  comparable  electrical  conductivity  to  that  of  the  parent  compound  Li5La3Nb2012. 
The  x  =  0.1  member  of  Li5La3Nb2-xYx012-5  showed  total  (bulk  +  grain-boundary)  ionic  conductivity  of 
1.44  x  10~5  Scnrr1  at  23  °C  in  air. 
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1.  Introduction 

Nowadays,  Li  ion  batteries  are  being  considered  for  vari¬ 
ous  ranges  of  applications,  including  portable  electronics  and 
high  power  hybrid  vehicles  due  to  their  high  volumetric  and 
gravimetric  energy  densities  compared  to  that  of  other  known  sec¬ 
ondary  (rechargeable)  batteries  [1-4].  Constant  attempts  have  been 
made  to  replace  conventional  LiPF6  dissolved  organic  polyethylene 
oxide  electrolytes  in  Li  ion  batteries  with  inorganic  solid  elec¬ 
trolytes  to  overcome  the  long-term  challenges  in  safety  caused 
by  flammable  organics,  durability  due  to  reaction  products  at 
the  electrolyte  and  electrode  interfaces,  and  poor  energy  den¬ 
sity  as  a  result  of  low  electrochemical  stability  [5-8].  Several 
solid  Li  ion  electrolytes  such  as  Li3N,  Li-p-alumina,  Li4Si04, 
Li3P04,  Li5M04,  Lii4ZnGe40i6,  Lii+xM2_xMxinPOi2  (M  =  Ti,  Zr,  Ge, 
Hf;  Mm=Al,  In,  Sc),  (Li,Ln)Ti03  (Ln  =  rare  earth)  and  Li5La3M20i2 
(M  =  Nb,  Ta)  have  been  investigated  [9-11].  Among  them,  most 
recently  developed  garnet-like  structured  Li5La3M20i2  (M  =  Nb, 
Ta)  and  its  related  compounds  show  exceptional  high  Li  ion 
conductivity,  and  chemical  stability  with  Li  metal  and  high  elec¬ 
trochemical  stability,  which  make  them  as  a  potential  solid 
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Li  ion  electrolyte  for  applications  in  future  all-solid-state  Li 
ion  batteries  [11-13].  The  highest  total  conductivity  has  been 
reported  for  cubic  structure  Li7La3Zr20i2  of  about  10-4Scm-1 
at  room  temperature  [13],  while  the  tetragonal  phase  showed 
about  two  orders  of  magnitude  lower  ionic  conductivity  at 
room  temperature,  and  comparable  value  at  high  temperatures 
[14]. 

Following  the  discovery  of  garnet-related  structured 
Li5La3M20i2,  various  research  have  been  attempted  to  improve 
ionic  conductivity  by  chemical  substitution.  For  examples,  substi¬ 
tution  of  La  with  the  alkaline  earth  metals  resulted  the  composition 
ofLi6ALa2M2Oi2  (A  =  Ca,  Sr,  Ba)  and  the  Ba  substituted  Ta  member 
showed  high  ionic  conductivity  of  4 x  10-5 Scnrr1  at  22 °C.  Also, 
the  Ta  members  were  found  to  be  stable  against  chemical  reac¬ 
tion  with  molten  Li  and  exhibited  high  electrochemical  stability 
window  of  up  to  ~  6V/Li.  The  structural  investigation  on  the 
composition  Li6ALa2M20i2  (M  =  Sb,  Ta)  was  performed  by  Cussen 
and  coworkers  [15].  In  the  present  study,  for  the  first  time,  we 
studied  the  effect  of  Y-doping  for  Nb  in  Li5La3Nb20i2  resulting 
the  composition  Li5La3Nb2_xYx012_5  (0<x<  1)  on  the  Li  ion  con¬ 
ductivity  with  constant  lithium  ion  concentration  to  understand 
the  role  of  oxygen  defects  on  transport  property.  Results  obtained 
from  the  various  solid  state  techniques,  including  powder  X-ray 
diffraction  (PXRD),  7 Li  magic  angle  spinning  nuclear  magnetic 
resonance  (MAS  NMR),  and  AC  impedance  spectroscopy  are  being 
described. 
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2.  Experimental 

2 A.  Synthesis 

The  compounds  of  nominal  composition  Li5La3Nb2_xYx012_(5 
(0<x<l)  were  prepared  by  a  solid-state  reaction  using  appro¬ 
priate  amount  of  the  precursors  of  high  purity  UNO3  (99%,  Alfa 
Aesar)  La203  (99.99%,  Alfa  Aesar,  pre-heated  at  800  °C  for  24  h), 
Nb205  (99.5%,  Alfa  Aesar)  and  Y(N03)3  (99.9%,  Alfa  Aesar).  LiN03 
was  added  in  10  wt%  excess  to  account  for  the  loss  of  Li20  during 
annealing.  The  mixtures  were  ball  milled  in  Pulverisette,  Fritsch, 
Germany  ball  mill  at  200  rpm  for  12  h  in  2-propanol  using  zirconia 
balls  before  and  after  heat  treatment  at  700  °C  for  6h.  The  pow¬ 
ders  obtained  were  pressed  into  pellets  using  isostatic  press,  (P.O. 
Weber,  Germany)  employing  a  pressure  of  300 1<N  for  5  min.  The 
pellets  were  sintered  at  900  °C  for  24  h  and  1000-11 00  °C  for  6h 
covered  with  the  same  powder  to  suppress  potential  volatilization 
of  Li20  during  the  preparation.  For  the  chemical  stability  test,  a 
spinel-type  cathode  material  Li2FeMn308  was  prepared  by  the  con¬ 
ventional  solid  state  method  using  the  high  purity  precursors  such 
as  Li2C03,  FeC204-2H20,  and  MnC03  at  700  °C  for  24 h  in  air. 


2.2.  Characterizations 

The  pellets  were  cut  into  small  discs  by  using  diamond  wheel 
(Buehler,  Isomet  5000).  The  phase  purity  was  measured  employing 
powder  X-ray  diffraction  (PXRD;  Bruker  D8  powder  X-ray  diffrac¬ 
tometer  (Cu  Ka,  40  kV,  40  mA)).  The  electrical  conductivity  of  the 
pellets  painted  with  Au  electrodes  (cured  at  600  °C  for  1  h)  was 
measured  using  Solartron  SI  1260  impedance  and  gain-phase  ana¬ 
lyzer  in  the  frequency  range  of  0.01  FIz  to  1  MHz  in  air.  The  7Li  magic 
angle  spinning  nuclear  magnetic  resonance  (MAS  NMR)  (AMS  300, 
Bruker)  for  the  powdered  samples  Li5La3Nb2_xYx012_5  (x  =  0-0.25) 
was  performed  with  a  spinning  frequency  of  5  kHz  and  chemical 
shift  values  are  expressed  against  solid  LiCl.  The  morphological 
studies  and  elemental  analyses  were  done  by  scanning  electron 
microscopy  (SEM)  (Philips  FEI XL30).  The  samples  for  SEM  imaging 
were  in  the  form  of  pellets  and  sputtered  with  gold  on  one  side  and 
the  other  side  was  mounted  on  the  conducting  carbon  tape.  The 
chemical  reactivity  test  of  Li5La3Nb1.95Y0.05On.95  with  the  cath¬ 
ode  material  Li2FeMn308  was  done  by  heating  1:1  wt%  mixtures  at 
400,  600,  800  and  900  °C  for  24  h  in  air  and  resultant  product  was 
examined  using  PXRD. 


3.  Results  and  discussion 

3A.  Phase  characterization 

Fig.  1  shows  the  powder  X-ray  diffraction  (PXRD)  patterns 
of  as-prepared  Li5La3Nb2_xYx012_(5  (0<x<l).  A  “single-phase” 
garnet-type  structure  was  observed  for  x  up  to  0.25  with  very  small 
amount  of  an  unknown  impurity  peak  marked  as  *  in  all  the  com¬ 
positions.  In  x  =  0.25  member,  there  is  an  extra  peak  marked  as  + 
which  is  due  to  LiNb03  (Inorganic  Crystal  Structure  Database  (ICSD) 
No.  01-070-8451)  and  another  unknown  impurity  peak  which  is 
marked  as  x.  We  could  index  major  peaks  on  a  simple  cubic  garnet- 
type  structure  based  on  the  space  group  Ia-3d  and  is  similar  to 
that  of  the  parent  compound  Li5La3Nb20i2  [13].  All  the  observed 
lines  fit  into  the  cubic  phase  and  there  is  no  evidence  for  a  tetrag¬ 
onal  modification,  as  reported  for  Li7La3Zr20i2  [14].  Table  1  lists 
the  typical  indexed  PXRD  patterns  of  Li5La3Nb2_xYx012_5  (x  =  0.05 
and  0.1).  As  anticipated,  the  cubic  lattice  constant  increases  with 
increasing  Y  substitution  in  Li5La3Nb20i2  (Table  2)  [16].  The  six¬ 
fold  oxygen  coordinated  Nb  (0.64  A)  shows  lower  ionic  radius  than 
that  of  Y  (0.9  A)  [17]. 
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Fig.  1.  Powder  XRD  patterns  of  Li5La3Nb2-xYxOi2_5  (a)x  =  0,  (b)x  =  0.05,  (c)x  =  0.10, 
(d)  x  =  0.15,  (e)  x  =  0.20,  and  (f)  x  =  0.25.  For  comparison,  the  calculated  PXRD  using 
PowderCell  program  of  (i)  tetragonal  Li7La3Zr20i2  (a  =  13.130(2)  A;  c=  12.675(2)  A; 
space  group:  /4i/acd)  [14]  and  (ii)  cubic  Li5La3Nb20i2  (a  =  12.80654(11) A;  space 
group:  Ia-3d)  [22]  are  given. 


Shown  in  Fig.  2  are  typical  SEM  images  of  the  as-prepared 
Y-doped  Li5La3Nb2_xYx012_5  and  showed  that  Y  substitution  influ¬ 
ences  the  particle  size.  Comparable  images  were  reported  for 
other  garnet-type  materials  reported  in  the  literature  [18].  We 
clearly  see  that  Y  substitution  for  Nb  in  Li5La3Nb20i2  increases 
the  crystallite  to  crystallite  contact.  The  roughness  of  the  surface 
seems  to  happen  during  sample  preparation  for  SEM  using  a  dia¬ 
mond  saw.  Based  on  the  SEM  study,  we  could  conclude  that  Y 
promotes  better  sintering  of  the  investigated  garnet-type  mate¬ 
rials.  The  room  temperature  solid  state  7Li  magic  angle  spinning 
nuclear  magnetic  resonance  (MAS  NMR)  of  Li5La3Nb2_xYx012_5 
is  presented  in  Fig.  3.  The  chemical  shift  value  was  expressed 
with  reference  to  solid  LiCl.  Very  interestingly,  all  the  inves¬ 
tigated  compounds  show  a  “single  peak”  at  a  chemical  shift 
of  around  Oppm  and  a  similar  data  was  reported  for  several 
garnet-type  structure  compound  in  the  literature  [19-21  ].  Accord¬ 
ingly,  we  believe  that  Li  ion  in  the  investigated  compounds  may 
occupy  a  similar  crystallographic  site  to  that  of  the  parent  garnet- 
type  Li5La3Nb20i2.  The  narrower  the  peak  may  be  attributed 
to  fast  Li  ion  mobility  in  the  Y-doped  Li5La3Nb2_xYx012_5.  It 
has  been  proposed  that  the  octahedral  site  Li  ions  are  more 
mobile  than  that  of  the  tetrahedral  one  and  also  the  occupancy 
of  the  former  is  2/3  compared  to  the  later  which  is  1/3  in  the 
parent  compound  [22-25].  In  the  present  work,  the  nominal  con¬ 
centration  of  Li  ions  was  kept  constant  to  elucidate  the  role 
of  oxygen  defects  on  Li  ion  conduction.  Bond  valence  analysis 
showed  that  the  Li  ion  conduction  path  seems  to  be  around  the 
transition  metal  octahedra  in  the  garnet-type  framework  [26]. 
However,  further  experimental  studies  including  neutron  diffrac¬ 
tion  and  NMR  studies  are  required  to  understand  the  actual  crystal 
structure,  chemical  substitution  reaction,  and  conduction  mecha¬ 
nism. 
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Fig.  2.  Typical  SEM  images  of  Li5La3Nb2-xYx012_5  prepared  at  1100°C  in  air  (a)  x  =  0,  (b)  x  =  0.05,  (c)  x  =  0.10,  (d)  x  =  0.15,  (e)  x  =  0.20,  and  (f)  x  =  0.25.  The  Y  doping  effect  on 
the  morphology  is  clearly  seen. 


3.2.  Electrical  properties 

AC  impedance  spectroscopy  was  used  to  evaluate  the  effect  of  Y 
doping  in  Li5La3Nb20i2  on  Li  ion  conductivity.  Fig.  4  shows  typical 
AC  impedance  plots  of  Li5La3Nb2_xYx012_5  at  50  (Fig.  4a)  and  1 50  °C 
(Fig.  4b).  The  high  frequency  portion  is  zoomed  and  given  as  inset 
figure  for  clarity.  At  low  temperature,  the  impedance  plots  consist 
of  a  semicircle  and  a  tail  due  to  the  bulk,  grain-boundary  resistance 
and  electrode  effect  respectively,  at  high,  intermediate  and  low 
frequency  regime.  While  at  high  temperatures,  it  becomes  more 
complicated  to  resolve  these  contributions  meaningfully.  Hence, 
for  the  calculation  of  electrical  conductivity,  the  low-frequency 
side  minimum  to  the  real  axis  was  used  as  resistance  ‘ R ’  at  low 
temperatures  and  the  intercept  to  the  real  axis  was  used  at  high 
temperatures.  A  similar  approach  has  been  used  in  the  literature 
to  determine  the  electrical  conductivity  of  garnet-type  solid  Li 
ion  electrolytes  [11-13].  The  electrical  conductivity  was  calculated 
according  to  the  equation: 

~(i  )G) 


where  l  is  the  thickness  of  the  sample  and  a  is  the  area  of  the  elec¬ 
trode.  The  electrical  conductivity  as  a  function  of  temperature  was 
determined  and  plotted  using  the  Arrhenius  equation: 

crT  =  Aex  p(~Ea/kT)  (2) 

where  A  is  the  pre-exponential  term,  Ea  is  the  activation  energy,  Tis 
the  temperature,  and  k  is  the  Boltzmann  constant.  Fig.  5  shows  the 
Arrhenius  plots  for  electrical  conductivity  of  Li5La3Nb2-xYx012_5 
prepared  at  1 1 00  °C.  The  data  obtained  during  the  heating  and  cool¬ 
ing  cycle  follow  the  same  line,  indicated  equilibrium  behaviour. 
The  substitution  of  Y  for  Nb  is  assumed  to  create  oxygen  vacancies 
in  the  garnet-type  structure  for  charge  compensation.  These  oxide 
ion  vacancies  do  not  seem  to  support  the  Li  ion  migration  in  the 
garnet-type  structure.  Several  authors  recently  showed  the  effect 
of  chemical  doping  such  as  Sbv,  WVI  and  TeVI  for  Nb  in  Li5La3M20i2 
(M  =  Nb,  Ta)  on  the  ionic  conductivity  [27,28].  This  approach  has 
decreased  the  ionic  conductivity  by  several  orders  of  magnitude 
compared  to  parent  compound  because  the  Li  ions  occupy  the  tetra¬ 
hedral  sites,  and  decrease  the  concentration  of  mobile  Li  ions  in  the 
structure.  While  in  the  current  chemical  substitution  approach,  the 
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Table  1 

Indexed  powder  XRD  patterns  of  Li5La3Nb2-xYxOi2-5  (x  =  0.05;  0.1). 
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Fig.  3.  7 Li  MAS  NMR  of  Li5 La3 Nb2_x  Yx012_5  sintered  at  1 1 00  °C  (a)  x  =  0,  (b)  x  =  0.05, 
(c)  x  =  0.10,  (d)  x  =  0.15,  (e)  x  =  0.20,  and  (f)  x  =  0.25.  The  chemical  shift  values  are 
expressed  with  respect  to  solid  LiCl. 


concentration  of  Li  ions  in  the  investigated  compounds  is  nearly 
the  same;  the  decrease  in  the  conductivity  seems  to  be  attributed 
to  the  oxygen  vacancy  in  the  structure. 

The  activation  energy  for  electrical  conductivity  was  found  to  be 
in  the  range  0.5-0.6eV  at  20-200  °C,  which  is  in  good  agreement 
with  the  garnet-type  Li  ion  conductors  reported  in  the  literature 
[11-13].  The  electrical  conductivity  and  activation  energy  of  the 
investigated  compounds  are  listed  in  Table  2  along  with  lattice  con¬ 
stant.  The  Li  ion  diffusion  coefficient  (D)  determined  from  the  AC 
electrical  conductivity  using  the  equation:  a  =  q2DN/kT  (where  q  is 
the  elementary  charge  (1.602  x  10-19  C),  N  is  the  concentration  of 
Li  (could  be  obtained  from  the  PXRD  data),  k  is  the  Boltzmann  con¬ 
stant  (1.38  x  10-23  JK_1 )  and  T  is  the  temperature)  was  found  to 
be  in  the  order  of  10-11  to  10-12  cm2  s-1  at  room  temperature  and 
was  found  to  be  two  orders  of  magnitude  lower  than  that  of  other 
garnet-type  materials  reported  in  the  literature  [18]. 

In  Fig.  6,  we  compare  the  electrical  conductivity  of  Y- 
doped  Li5La3Nb20i2  with  parent  Li5La3Nb20i2,  Li6BaLa2Ta2012, 
Li7  La3  Zr2  0 1 2  and  In-doped  Li5  La3  Nb2  Oi  2  [11-13,18].  We  see  that  Li 
concentration  seems  to  be  important  for  the  electrical  conductivity 
at  low  temperatures  while  at  high  temperatures,  all  the  compounds 
show  comparable  ionic  conductivity.  A  slight  improvement  in  con¬ 
ductivity  was  obtained  by  the  substitution  of  In  for  Nb  in  the 
structure,  which  is  believed  to  be  due  to  small  change  in  the  Li  con- 


Table  2 

Electrical  transport  properties  of  Li5La3Nb2_xYxOi2_,$. 


X 

Lattice  constant  (A) 

<t(23oC)  (Scrrr1) 

^(locrc)  (Scm-1) 

Ea  (eV) 

0 

12.718(2) 

5.08  x  10“6 

5.32  x  10“4 

0.60 

0.05 

12.717(2) 

1.34  xl0“5 

5.94  x  10-4 

0.45 

0.10 

12.717(3) 

1.44  x  10“5 

7.78  x  10“4 

0.51 

0.15 

12.732(9) 

5.71  x  10“6 

1.22  x  10“4 

0.43 

0.20 

12.743(8) 

9.13  xlO-6 

2.70  x  10-4 

0.43 

0.25 

12.717(5) 

9.68  xlO-6 

3.24  x  10-4 

0.43 
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Fig.  4.  Typical  AC  impedance  plots  in  air  at  (a)  50  °C  and  (b)  150°C  for  of 
Li5La3Nb2-xYxOi2_<5- 


centration  and  lattice  constant.  Further  increase  in  the  conductivity 
of  about  10-5Scm-1  at  22  °C  was  obtained  for  Li6BaLa2Ta2012. 
Recently,  the  fast  Li-ion  conducting  garnet-related  electrolyte  with 
a  nominal  composition  of  Li7La3Zr20i2  has  been  reported  with  a 
conductivity  of  10-4  S  cm-1  at  25  °C.  All  these  results  indicate  that 
the  increase  in  Li  concentration  has  a  positive  effect  on  the  ionic 
conductivity.  The  effect  of  dopant  to  increase  the  cell  constant 
and  further  decreasing  the  interaction  between  Li  and  other  ions 
in  the  structure  can  also  attributed  to  the  increase  in  conductiv¬ 
ity.  The  influence  of  crystal  structure  on  the  conductivity  is  also 
proved  elsewhere  [13,14].  For  example,  Akimoto  et  al.  proved  that 
Li7La3Zr20i2  having  tetragonal  modification  was  found  to  show  a 
conductivity  about  two  orders  of  magnitude  lower  than  that  of  the 
cubic  phase  which  is  the  high  ranking  garnet-type  solid  electrolyte 
for  Li  ion  batteries  reported  so  far  [13,14]. 

3.3.  Chemical  reactivity 

Fig.  7  shows  the  PXRD  patterns  of  Li5La3Nb1.g5Y0.05On.g5  and 
the  cathode  Li2FeMn308  mixture  before  heat  treatment  and  after 
heating  at  400,  600,  800  and  900  °C  for  24  h.  The  diffraction  pat- 
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Fig.  5.  Arrhenius  plots  for  electrical  conductivity  of  Li5La3Nb2-xYxOi2-5  sintered  at 
1100°C  in  air. 


terns  clearly  indicate  the  garnet  and  spinel-type  peaks  up  to  400  °C. 
After  that  the  garnet-like  peaks  started  disappearing  and  spinel- 
type  electrode  peaks  are  still  present  in  all  the  patterns.  The  new 
peaks  which  are  clearly  seen  at  800  and  900  °C  could  be  indexed 
to  LiLaNb207  (20-28,  33,  37,  56,  66,  and  67°;  ICSD  No.  00-027- 
1249)  and  LiLa2Nb06  (20  -  31, 45,  and  46°;  ICSD  No.  00-040-0895). 
These  results  showed  that  Li5  La3  Nb1.g5Y0.05O1 1  .g5  is  chemically  sta¬ 
ble  with  the  cathode  Li2FeMn308  up  to  400 °C  and  is  promising 
electrolyte  for  Li  ion  battery.  Further  electrochemical  studies  need 
to  be  done  to  confirm  the  range  of  voltage  stability  for  this  particular 
combination. 


Temperature  (°C) 


Fig.  6.  Comparison  of  Li  ion  conductivity  of  Li5La3Nbi.9Yo.iOn.9  with  other  garnet- 
type  solid  electrolytes  reported  in  the  literature  [11-13,18]. 
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Fig.  7.  Powder  XRD  patterns  showing  the  chemical  reactivity  between 
Li5La3Nb1.95Y0.05On.95  and  Li2FeMn308  mixture  at  400,  600,  800  and  900 °C 
in  air  for  24 h.  The  garnet-like  Li5La3Nb1.95Y0.05O11.95  appears  to  be  chemically 
stable  against  reaction  with  Li2FeMn308  up  to  400  °C. 


4.  Conclusions 

In  summary,  the  present  work  showed  that  substitution  of 
Y  for  Nb  in  the  Li5La3Nb20i2  was  possible  by  solid  state  reac¬ 
tion  at  elevated  temperatures.  The  powder  X-ray  diffraction  study 
revealed  single-phase  cubic  garnet-type  structure  for  x  up  to  0.25 
in  Li5La3Nb2_xYx012_(5  and  a  very  small  amount  of  second  phase 
at  high  Y  doping.  AC  impedance  showed  bulk  and  grain-boundary 
contribution  to  the  total  electrical  conductivity  and  is  similar  to 
other  garnet-type  materials  reported  in  the  literature.  All  the  inves¬ 


tigated  Y-substituted  compounds  showed  comparable  electrical 
conductivity  to  that  of  the  parent  compound  Li5La3Nb20i2.  The 
x  =  0.05  and  0.1  members  of  Li5La3Nb2_xYx012_a  showed  ionic 
conductivity  of  1.34  x  10-5  and  1.44  x  10-5  Son-1  respectively  at 
23  °C,  which  is  about  an  order  of  magnitude  lower  than  that  of  the 
fast  Li  ion  conducting  cubic  Li7La3Zr20i2.  The  chemical  reactivity  of 
Li5La3Nbi.95Yo.o5012_($  with  the  cathode  Li2FeMn308  showed  that 
the  compound  is  stable  on  heating  up  to  400  °C  for  24  h. 
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